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br. Theron U. Randolph, was one of the first medical doctors Lo
associate indoor -air pollution with allergies and other chronic
illnesses during the early 1990°s (1). Since this time, the extent of
the problem of indoor air pollution has continued to grow larger.

Vuring the past 2% years, the nature of building materials and
household furnishings has dramatically changed. Pressed wood products
and fiberboard which emit trace levels of organic chemicals have been
used to replace natural wood in building construction.  Household
furnishings alse have changed wWith increased wse of pressed board,
plastic and artificial ribers which add additional organics insiage
hames, Household products such as cleaners, insecticides, glues, air
fresheners, hair sprays, shoe polish, magic marh¢r5'dn% numerous healtn
care and personal grooming air products add even more synthetic
chemicals to the atmosphere inside homes.

The 1973=74 energy crisis agqravated an already increasing indoor
air pollution problem. The ventilation rates of new homes, mobile
homes, apartments, office buildings, haspi;als. nursing homes and
condominiums have been decreased to minimize the use of gxpensive
energy in cooling and heating these facilities.

The sealing of these buildings has brought about an increase in
allergic reactions and other chronic illnesses resulting from exposure
to increased concentrations of hundreds of toxic chemicals.

During this same time period, MWASA used a highly sensitive gas
chromatograph coupled with a mass spectrometer (GL/MS) to monitor the

L]

atmasphere inside the spacecraft during the Skylab missions. HMesults
from these studies demonstrated the presence of over 300 wolatile

organic compounds (WUC) in the Skylab atmosphere during the occupancy



of the Skylab Il erew. OF this number, 107 were identified. Twelve
are listed in Table 1 (2).

Ten years later, in 1983, EPA studies {dentified more thanm 350
volatile organics in five different locations im a Washington, UC home
for the elderly (5,6). Twelve of these organics are listed in
Table 2, uther agencies and researchers have also confirmed the
presence of large numbers of trace organics inside modern buildings (7
- 27). The numbers and types of these organics demonstrate the serious
potential health hazards associated with indoar air pollution in
modern, energy-efficient buildings and future space stations. A large
number of these chemicals not only have the potential for producing
allergic reactions but alse cancer and other forms of illness.

ﬁecent research by the Environmental Protection Agency (EPA}
suggests a rare throat cancer is associated with long-time occupancy of
mobile homes., The chief suspect in the causes of the cancer 15
formaldenyde which is found in higher cencentrations inside mobile
homes than most utﬁﬁr buildings (28 - 30).

As the evidence of health problems from indoor air pollution
mounts, the need for simplified practical means of reducing indoor air

pollutants becomes urgent,

L]

Kesearch at MASA's Mational 5Space Technology Laboratories (HNSTL)

in south Mississippi during the past 15 years has looked at the use af
natural biological processes using microorganisms and higher plants for
both wastewater treatment and indoor air pollution abatement,
Although, the long range goal of the NSTL research is the development
of a bioregenerating life support system for future space stations,

Figure 1, the immediate applications of this technology is earthly,
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Most of the HSTL work has been supported by HASA's Technology
Utilizatien (TU). Office and has concentrated on  adapting
space-developed biotechnology to solving earthly problems in waste
treatment and indoor air pollution (31 - 39),

Une exciting area of this research is directed toward the use of
houseplants for improving the quality of air inside modern buildings.
The phﬂtﬂi}nth&tm process that allows plants to live and grow requires
a continuous exchange of gaseous ‘substances between plant leaves and
the surrounding atmesphere, The most common gQaseous substances
exchanged are carbon dioxide, oxygen and water vapor. The plant leaves
narmally agive off water vapors and oxygen and take im carbon dioxide,
However, 1t appears that plant leaves can also take in other gaseous
substances from the surrounding atmosphere through the tiny openings
(stomates) on the leaves., MNASA studies with plants have demonstrated
the ability eof common houseplants such as spider plant, philoedendron
_and golden pothos to reduce the concentrations of indoor air pollutants
such as Tformaldehyde, benzene, and carbon monoxide 1n  sealed
experimental chambers, Figures 2, 3 and 4, A clear, cubical chamber
measuring 73.7 cm on each side and constructed of 12.7 mm thick
Plexiglas, was used in Lhe plant screening process (38).

Because formaldenyde is probably one of the toxic chemicals with
the greatest human exposure in the U.5., NASA's initfial indoor air
pollution stwdies concentrated on this chemical, Table 3. There are
numeroaus sources of formaldehyde emissions indoors. Formaldehyde is
used 1in urea-formaldehyde foam insulation, plym;nd, particle board,
decorative panels, grocery bags, waxed papers, facial tissues, and

paper towels, Many common household cleaning  agents centain
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FLGURE 2

Formaldehyde Reduction in Closed Chamber With and
Without Plants
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formaldehyde in addition to floor coverings, carpet backing, adhesive
binders, fire retardants, and permanent-press clothing. Other sources
are combustion devices using fuels such as natural ga{ and kerosene for
heating and cooking in addition to smoke from tobacco. A promising
concept for designing hemes wsing plants for reducing indoor alr
pollution is shown in Figure 5.

Another, even more promising techaique for using plants to remave
indoor air pollutants, is to combine the increased Lreatment capacity
of the plant reot-microbial-granular activated carbon process with the
leaves as shown in Figure 6. This technigque has been used very
successfully in treating domestic sewage and removing toxic chemicals
including radicactive elements from soil and wastewater (35,36,40,41).

The process has the potential of rapidly remaving relatively large

quantities of chemicals and smoke from indoor air and biodegrading
these substances, Figure 7. The activated carbon-plant root filter may
also be capable of removing raden gas from inside homes. Although
studies have not been conducted to date using this process with radon,

other radioactive elements have been removed from water and so0il using

plant roots (41).

Interior landscaping design with Tive plants is an already rapidly
expanding practice for offices, lobbies, reception rooms, hotels,
hospitals, restaurants, and many institutions. Since more and more
people are spending a greater percentage of their time indoors, it is
desirable for psychological as well as physia1ug15a1 reasons to bring
some 0f the natural outdoor environment inside. As more data become

available on the ability of foliage plants to improve the quality of
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air inside hui1d1ngs. interior landscaping with plants will probably
experience an even ﬁr&ater increase in wse,

Technology is rapidly becoming available from space research which
will allow architects and builders to design and construct
environmentally safe facilities, especially in harsh, cold climates
where super energy-efticient buildings are a must because of the
hostile outside environment. Special lighting for gqrowing plants is
available from several prominent vendors to alleviate the necessity of

natural sunlight, HWith proper design and special lighting where

necessary, new buildings can provide excellant environments where waste
Jtreatment and air purification can be combined inside buildings using

unfy.natural praocesses as depicted in Figure R,

SUMMARY
l. The technology of using houseplant leaves for reducing volatile
organics inside closed facilities has been demonstrated with
formaldehyde and benzene.
2. Philedendrons are among the most effective plants tested to date,

Philodendron domesticum has demonstrated the ability to remove

formaldenyde from small experimental chambers at a rate of 4,31
ugf'cm2 leaf surface area with initial starting concentrations of
£¢  ppm. At initial starting concentrations of 2.3 ppm a
formaldehyde removal rate of 0.57 ig/cm® was achieved during a 24

haur test. F

3. Aleo vera demonstrated a much higher formaldehyde efficiency

removal rate than Philodendron domesticum at low formaldehyde

concentrations. QDuring a 24 hour cxposure period 5 ppm of
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formaldahyde were reduced to 0.5 ppm demonstrating a removal
efficiency rate of 3.27 Hufcm2+

Hemoval efficiency rates can be expected to decrease with
concentration levels because fewer molecules of chemicals come in
contact with the leaf surface area.

several centimeters of small washed gravel should be used to cover
the surface of pot plants when large numbers of plants are kept in
the home. The reason for this s to reduce the exposed area of
damp potting soil which encourages the growth of malds {fungi),

The Tleaves of Philodendron domesticum and  golden pothos

(Scindapsus auwreus) have also demonstrated their ability to remove

¢
+ benzene and carbon monoxide trom closed chambers,

A combination of activated carbon and plant roots have
demenstrated the greatest potential for removing large volumes of
volatile organics along with smoke and possible radon from ¢losed
systems.  Although fewer plants are required for this concept a
mechanical blower motor must be used En pull or push the air
through the carbon-root filter. HNASA studies on motor sizes and

bioregrneration rates should be completed by 1984,



1.

2

4.

G

B,

10,

1.

12,

REFLREKCES

T. 4, Handuiﬁh and K. W, Moss. 1%80. An Alternative Approach to
fAllergies. Harper and How Publishers, Hew York, HY.

Hational Aeronautics and Space Administration, 1974, The
Proceedings of the Skylab Life Sciences Symposium, August 27 - 29,
1974, NASA Th-1-58154, Johnson Space Center, 161-168,

Gammage, R. B, and 5. V. Kaye (Eds.). 1984, Indoor Air and Human
Health., Proceedings of the Seventh Life Sciences Symposium,
Enoxville, TH, October 29-31, 1984, Lewis Publishers, [nc.,
Chelsea, MI.

Walsh, C., 5. Dudnay and E, U. Copenhauer, 1984, Indoor Alp
Quality. CRC Press, Inc., Boca Raton, FL.

Wallace, L., 5. Brombert, E. Pellizzari, T. Hartwell, H. Zelon,
and L. Sheldon, 1984, Plan and preliminary results of the U, 5.
Environmental Protection Agency's findoor air monitoring program
{1y8Z). In: Indoor Air, Swedish Council for Building Hesearch,
Stockholm, Sweden, 1:173-178.

Pelli{zzari, E. ., M. D, Erfckson, M. T. Giguera, T. L. Hartwell,
S. R, Williams, €. M. Sparacino, H. Zelon, and H. U, Haddell.
1980, Preliminary Study of Toxic Chemicals 1n Environmental Human
Samples: Work Plan, Vols 1 and [I, {Phase I). U. 5. EPA,
Washington, DG,

Pellizzari, E. D,, H. U, Erickson, €, M, Sparacino, T. C,
Hartwell, H. Ielon, M. Rosenweig, and C. Leininger. 1981, Total
Exposure Assessment HMethodology (TEAM) Etudy. Pnase [l: kork
Plan, U, 5. EPA, Washington, LC,

Wallace, L., K. Iweidinger, M. Erickson, 5. Cooper, U. Whittaker,
and E. Pellizzari, 1982, Monitoring individual exposure:
measurements of volatile organic compounds in breathing-zone air,
drinking water, and exhaled breath. Env. Int., 8:269-282,

Pelli{zzari, E. V., T. Hartwell, H. Zelon, C. Leininger, M,
Erickson, 5, Cooper, U, Whittaker, and L, wWallace, 1982, Total
Exposure Assessment Methodology (TEAM) Prepilot Study -- Horthern
Wew Jersey. U. 5. EPA, Washingtan, DC,

Sparacino, C,, C. Leininger, H. Zelon, T. Hartwell, H, Ericksaon,
and E. Pellizzari, 1982, Sampling and Analysis for the Total
Exposure Assessment Methodology (TEAM) Prepidot Study. Hesearch
Triangle Park, NC, U, S, EPA, Washington, UC.

Sparacino, C,, E. Pellizzari, and W, Erickson, 1982, Quality
Assurance for the Total Exposure Assessment Methodolaogy ({TEAM)
Prepilot Study. U. 5. EPA, Washington, WU,



13,

14,

15,

16.

17,

18,

19,

20,

21,

22,

23,

Pallizzari, E. 0O,, T, U. Hartwell, C. Leininger, H. Zelon, §.
Williams, J. Breen, and L. Wallace. 1983 Human exposure to
vapor=phase halogenated hydrocarbons: fixed-site vs. personal
Exposure, Proceedings from Symposium on Ambient, Source, and
Exposure Monitoring Systems Lab., Hesearch Triangle Park, NC. EPA
G00/99-83-007. U, S, EPA, Washington, DC,

Wwallace, L., E. Pellizzari, T. Hartwell, M. Rosenweig, M.
Erickson, C., Sparacino, and H., Zelon. 1984, Personal exposure to
volatile organic compounds: 1. direct measurement in
breathing=zone air, drinking water, food and exhaled breath. Env.

Res., 35:193-211.

Pellizzari, E., T. Hartwell, C. Sparacino, C. Shelson, H.
Whitmore, C. Leininger, and M. felon. 1984, Total Exposure
Assessment Methodalogy (TEAM) Study: First Season, Northern New
Jersey == Interim Heport. Contract Ho. bH=02-3679. U. 5. EPA,
Washington, DG,

Hartwell, T. C., R. L. Perritt, H. X. Zelon, R. W. Whitmare, E, D,
Pellizzari, and L. wallace. 1984, Comparisen of indoor and
outdoor levels af air velatiles in New Jersey. In: Indoor Air,
awedish  Council for  Building Hesecarch, Stockhalm, Sweden,

4:81-86. ]

Pellizzari, E., C. Sparacino, L. Sheldon, C. Leininger, H. Zelon,
T. martwell, and L. Wallace. 19Hd4. In: Ibid. 4:221-226,

Hallace, L., E. Pellizzari, T. Hartwell, H. Zelon, C. Sparacino,
and R, HWhitmore. 1984, Analysis of exhaled breath of 355 urban
residents for volatile organic compounds. In:  Ibid, 4:1%-20,

Rosenweiq, M. and T, D, Hartwall, 19H3, Statistical Analysis and
Evaluation of the Halocarbon Survey. HKesearch Triangle [nstitute,
Final Hepart, EPA Contract 62-01-5B48, U,5. EPA, Washington, UL,

Hartwell, T. L., Ho K. 2elon, C. C. Leininger, C. A. Clayton, J.
H. Crowder, and E, D, Pellizzari. 1984, Comparative statistical
analysis for volatile halocarbons in indoor and outdoor air. In:
[ndeor Air, Swedish Council for Building HResearch, Stockholm,
sweden, 4157 =02,

Molhave, L., and J, Holler. 1979. The atmospheric environment in
modern Vanish dwellings: measurements in 39 flats. Indoor
Climate. Uanish Building Research Institute, Copenhagen, Denmark.
171-186,

Jarke, F. H. 1979, ASHRAE Report 183, [ITKI; Chicago, IL.

LEbI’Et, Ei Hl-.. Jl |I'||‘.|I'I dﬂ' Hie‘. H. F. E-ﬂ;l;.'_ LI'.. "I:I"IJ. and J. S. H,
Boleij. 1984, Volatile hydrocarbons in uutch homes. In:  Indoor
Alr, Swedish Council for Building Hesearch, Stockholm, Sweden.
d:leY=174,



it.

39,

40,

4l.

Wolvertan, H. C. #cDonald, C. C, Myrick and K. M. Johnson. 1984,
Upgrading septic tanks using microbialfplant filters. J. HS Acad,
5':1 LI Eg:19-25l

Wolverton, B. C., H. C. Mclonald and E. A. Watkins, Jr. 1944,
Foliage plants for removing dndoor air pollutants from energy
efficient homes. Econ. Bot,, 36(2):224-2208.

Wolverton, B. C., R. C. McDonald and H. H. Mesick. 1985. Foliage
plants for the indoor removal of the primary combustion gases
carbon dioxide and nitrogen dioxide. J. M5 Acad. Sci., 30:1-8.

Wolverton, B, C. and K. C. HMclonald-McCaleb., 1986,
Biotransformation of priority pollutants wsing biofilms and
vascular plants, J. M5 Acad, Sci., 31:79-89,

Mcbonald, K. C. 1981. Vascular plants tor decontaminating
radioactive water and soils. HASA  Technical mMemorandum
TH=x=¥2740,



